Background-Pregnancy loss can have physical and psychological consequences for women and their families. Though a previous study described an increase in the risk of self-reported pregnancy loss from 1970 to 2000, more recent examinations from population-based data of US women are lacking.
Pregnancy loss has been associated with a host of adverse physical and psychological sequelae, including the experience of grief, depression, and anxiety. [1] [2] [3] [4] [5] [6] [7] [8] In addition, women who experience a pregnancy loss often report dissatisfaction with clinical care following a loss, including lack of care that focused on their emotional well-being. 9 It has been estimated that between 10 and 28 per cent of all recognized pregnancies end in pregnancy loss. [9] [10] [11] [12] [13] [14] An earlier study examined trends in the risk of self-reported pregnancy loss between 1970 and 2000 among women aged 13-25 years in the US. 15 They described an increasing trend of 1%-2% per year in pregnancy losses occurring before 8 weeks' gestation, a weaker (<1% per year) increasing trend in losses occurring at 8-12 weeks' gestation, but no changes in the risk of losses occurring beyond 12 weeks. The authors speculated that increased use of more accurate home-pregnancy tests might account for this increasing trend, with women better able to identify early miscarriages that would otherwise be unrecognized. However, a recent analysis using NSFG data by Branum and Ahrens 16 found that mean gestational age at time of pregnancy awareness did not change during 1990-2012, suggesting that earlier awareness or detection is unlikely to account for increasing in trends in loss for this time period.
Recent trends in reported pregnancy loss have not been described, particularly for the full age range of reproductive women. Furthermore, factors related to the risk of pregnancy loss, such as maternal age and health-related characteristics, 9, [17] [18] [19] [20] have shifted over time since 2000. Subsequently, we examined trends in self-reported pregnancy loss and early pregnancy loss (<12 weeks) and estimated associations between various maternal characteristics and pregnancy loss for over 42 000 pregnancies occurring during 1990-2011, as reported in the NSFG.
Methods

Study participants
We analysed data on pregnancies reported by 20 012 women from the 1995, 2002, 2006-2010, and 2011-2015 NSFG, a nationally representative, in-person, household survey of the US population ages 15-44 years that uses a complex, multistage, probability design to select participants. Female response rates for these survey periods ranged from 71% to 80%. 21 We used data from the pregnancy file (pregnancy-level data), which contains detailed information on all reported pregnancies in a woman's history up to the time of the interview. The pregnancy file was then merged with the female respondent file (respondent-level data) to obtain additional woman-level characteristics. Pregnancies were the unit of analysis. Although the NSFG has added and removed questions over time, questions about pregnancy history have remained the same since 1995.
Study variables
Details on pregnancy occurrence, duration, and outcome were asked about all pregnancies completed by the time of interview. Pregnancy occurrence was captured by asking about the month and year the pregnancy began. Pregnancy duration was assessed by asking the respondent how many months or weeks pregnant she was when the pregnancy ended.
Pregnancy outcome was assessed by asking the respondent how the pregnancy ended: miscarriage, stillbirth, abortion, ectopic or tubal pregnancy, livebirth by caesarean, vaginal delivery, or refused/don't know. We collapsed livebirths as a single category and miscarriages, stillbirths, and ectopic or tubal pregnancies were all considered pregnancy losses, regardless of the gestational age at the time of the loss. This was because these pregnancy outcomes captured all nonterminated pregnancies that did not result in a livebirth. Women were not given definitions of each of these outcomes (e.g. miscarriage was not defined based on a certain gestational age); however, because women were also asked for the pregnancy duration, we were able to classify pregnancy losses according to when they occurred. Early pregnancy losses, defined as losses prior to 12 weeks' gestation, were a subset of all pregnancy losses.
The following maternal and pregnancy-related factors were available from the NSFG across survey periods: maternal age at the time of conception, race/ethnicity, educational attainment at interview, poverty-income ratio at interview, marital status at end of pregnancy, ever smoked cigarettes (at least 100 cigarettes in lifetime), pregnancy intendedness at conception, gravidity at conception, and ever received medical help to become pregnant at the time of interview.
Maternal age at time of pregnancy conception was categorised into 4 groups: 15-19, 20-24, 25-29, and 30-44 years. Although maternal age ≥35 years ("advanced maternal age") is often used as a factor in determining prenatal screening protocols, such as amniocentesis testing, and measuring clinical infertility, this group of women had the fewest number of pregnancies reported per calendar year ( Figure 1) ; therefore, they were combined with the next oldest maternal age group, aged 30-34, in order to produce stable estimates of trends by maternal age.
Exclusions
We excluded pregnancies that resulted in induced terminations (n = 8890) and on-going pregnancies at the time of the interview (n = 1783), because the proportion of these pregnancies that would have resulted in pregnancy loss had the pregnancy proceeded or been completed, respectively, was unknown. Furthermore, we excluded pregnancies conceived in years with fewer than 100 conceptions reported per maternal age category (20 699 pregnancies conceived prior to 1990 or after 2011, Figure 1 ) to control for confounding by maternal age, due to the truncation of age at the time of the interview (15-44 years). We also excluded pregnancies occurring at younger than 15 years of age (420 pregnancies) because of the small number of pregnancies among this age group. Figure   S1 ).
Statistical analysis
Descriptive statistics-The percentage of all non-terminated pregnancies resulting in pregnancy loss and early pregnancy losses were calculated, overall, and for each survey period and maternal and pregnancy-related factor included in the analysis. Descriptive statistics and differences in these estimates among levels of each maternal and pregnancyrelated characteristic were assessed using risk ratios and 95% confidence intervals obtained from predicted margins using unadjusted logistic regression models where the group with the lowest reported percentage of pregnancies resulting in loss served as the reference group.
Trends-Log-Binomial regression was used to assess whether the risks of reported pregnancy loss and early pregnancy loss, separately, increased from 1990 to 2011. Pregnancy loss was modelled as a function of calendar year of conception. Non-linear trends were assessed by adding a quadratic term for calendar year of conception as a covariate to the models. Restricted cubic spline models were also implemented as a more flexible alternative to explore potential non-linear patterns. Graphical results from these models appeared largely similar to the findings from the linear and quadratic models, and are thus not presented here (see Supporting Information).
We ran log-Binomial models that were adjusted for factors potentially related to risk of reported loss, based on prior literature, 9,17,18,22-24 including race/ethnicity, educational attainment, poverty-income ratio, marital status, ever smoked cigarettes, gravidity, and ever received medical help to become pregnant (Table S1 ). All models also include maternal age as a covariate, as retrospective time trend data from the NSFG are confounded by maternal age (i.e. mean, minimum, and maximum maternal age during pregnancy conception year increase over time up to the year of the interview; Figure 1 ) due to the truncation of age at the time of the interview (15-44 years). Because some adjusted log-Binomial models failed to converge, log-Poisson models were used for all adjusted analyses. The same set of models was repeated with early pregnancy loss as the outcome. Unadjusted and adjusted models were fit for all women combined and then stratified by maternal age group due to the differential risks of loss by maternal age. 19 These age-stratified models also included maternal age (in years) as a continuous covariate to further adjust for any residual confounding by age within the broader maternal age group strata.
Sensitivity analysis
We conducted several sensitivity analyses. First, similar to a prior study, 19 we restricted the analysis to pregnancies that were not unwanted at the time of conception (84% of nonterminated pregnancies) to address concerns about the possible misclassification of induced terminations as pregnancy losses over time; by including only intended or mistimed pregnancies, we assumed there was a lower possibility of pregnancy outcome misclassification. Second, we expanded the analytic cohort to include all completed pregnancies, including induced terminations, as some studies have suggested estimates of reported pregnancy loss should include induced abortion in the denominator. 25 Third, we stratified the analysis by how recently the pregnancy occurred (within 2 years of interview vs. more than 2 years) to see if trends over time were different for recently reported pregnancies compared with those not recently reported. Finally, we also fit a set of adjusted models including a covariate indicating whether the respondent had a prior history of pregnancy loss given that a history of loss has been associated with higher risk of loss in subsequent pregnancies. 9, 18, 26 All analyses were conducted with SAS 9.3 (SAS Institute, Cary, North Carolina), SUDAAN 11.0 (RTI International, Research Triangle Park, North Carolina), and Stata 13 SE (StataCorp LP, College Station, TX) and accounted for the complex survey design and sample weights of the NSFG.
Results
During 1990-2011, the percentage of pregnancies (excluding induced terminations) that resulted in pregnancy loss (Table 1 ) was 19.7% and the percentage that resulted in early pregnancy loss was 13.5% (Table S2 ). The percentages of pregnancy loss and early pregnancy loss were higher among women aged 30-44 at time of conception vs. those aged 20-24, among non-Hispanic black and non-Hispanic white compared with Hispanic women, and for unwanted and mistimed pregnancies vs. those that were intended. Other differences can be seen in Table 1 and Table S2 . Risk of pregnancy loss among nonterminated pregnancies was 17.8% in 1990 (95% CI 15.4, 20.1) and 23.3% (95% CI 19.2, 27.4) in 2011; corresponding risks for all completed pregnancies (including terminated pregnancies) were 15.6% (95% CI 13.5, 17.7) and 21.9% (95% CI 18.0, 25.9), respectively.
Pregnancy loss
The percentage of non-terminated pregnancies resulting in pregnancy loss increased over time by approximately 2% (relatively) per year from 1990 to 2011, which was attenuated to approximately 1% after adjustment for maternal factors (Table 2, Figure 2A ). In analyses stratified by maternal age (at conception) group, the percentage of non-terminated pregnancies ending in loss increased among all age groups by 1%-2% per year in both unadjusted and adjusted models (Table 2, Figure 2B , and Figure S3 ). No quadratic time trends were observed for pregnancy loss overall.
Early pregnancy loss
The risk of reported early pregnancy loss increased by a relative 2% annually from 1990 to 2011, both before and after adjustment for maternal factors (Table 2 and Figure 3A) . In unadjusted models stratified by maternal age group, the percentage of non-terminated pregnancies resulting in early pregnancy loss increased by 1%-2% annually ( Figure S4 ). In adjusted analyses, increases of 2% annually for early loss were observed among all age groups except for women aged 20-24 (increases of 1%; Table 2 and Figure 3B ). For early pregnancy loss, a quadratic trend was observed overall, but not for any age group ( Figure  S2 ).
Sensitivity analyses
Findings of a relative increase of 1%-2% per year in the percentage of non-terminated pregnancies resulting in pregnancy loss were observed after excluding unwanted pregnancies, providing evidence that the trends in pregnancy loss we found may not be due to an artefact of increasing misclassification of induced terminations as pregnancy losses during 1990-2011 (Table S3) . Findings were also similar when we included induced terminations in the denominator (Table S4) . Patterns were also similar when models were stratified by how recently the pregnancy occurred (e.g. pregnancies completed within 2 years of the interview vs. completed two or more years before the interview); however, the estimates had wider confidence intervals (Table S5) . Finally, results did not change when a history of prior pregnancy loss was included as a covariate in adjusted models.
Comment Main findings
In this analysis of over 42 000 non-terminated U.S. pregnancies spanning a 22-year period we found that the percentage of self-reported pregnancy loss increased by a relative 1%-2% each year in both unadjusted and adjusted models. Similar findings were seen for early losses (2% increases per year in both unadjusted and adjusted models). We also found that several maternal characteristics and pregnancy-related factors were associated with higher percentages of pregnancies resulting in pregnancy loss and early pregnancy loss, including, among other factors, older maternal age and having an unwanted or mistimed pregnancy.
Interpretation
Although the literature on trends in risk of pregnancy loss is relatively scant, our results are comparable to at least one other analysis that used NSFG data. 15 In their analysis of pregnancies reported in the 1988, 1995 and 2002 NSFG, Lang and Nuevo-Chiquero 15 found that the risk of pregnancy loss increased by a relative 1%-2% per year between 1970 (12%) and 2000 (15%) among women ages 13-25. Early pregnancy loss, <8 weeks' gestation, increased by 1.2%-1.6% per year, while no changes over time were observed for losses occurring at 12 weeks or more. 15 This previous study only examined women ages 13-25 at conception, as this was the only group that had consistent representation across calendar years included in their analysis; but this group also has among the lowest risks for pregnancy loss, and the study did not account for the complex survey design of the NSFG, which may have led to inappropriately small standard errors. Despite the differences in methodology, analytic sample, and calendar years included, the results reported here are consistent with that prior analysis for the common age groups examined 15 and are similarly robust to various exclusion/inclusion criteria, model specifications, and sensitivity analyses, suggesting the small but significant upward trend in risk of pregnancy loss has continued through 2011.
In describing their findings, Lang & Nuevo-Chiquero 15 conclude that the apparent increase in risk of pregnancy loss was most likely due to improvements in pregnancy tests which would have increased awareness of early pregnancy and thus led to increased self-reporting of pregnancy losses. A recent analysis using NSFG data found that mean gestational age at time of pregnancy awareness did not change during 1990-2012. 16 We also conducted a posthoc analysis, and found that the geometric mean gestational age at the time of pregnancy awareness among pregnancy losses decreased during 1990-2011 by 0.14 days per year (95% CI −0.29, 0.00); however, this decrease was slightly attenuated after adjustment for maternal age (0.13 days per year, 95% CI −0.28, 0.02), suggesting that earlier pregnancy awareness of losses over time may, in part, be due to changing demographics. A decrease in gestational age at time of pregnancy awareness was not observed for other pregnancy outcomes. Regardless, adding gestational age at the time of pregnancy awareness to our multivariable model did not change estimates for trends in loss.
There are other explanations for the increase in self-reported pregnancy loss we observed in our analysis. For example, it is possible that pregnancy losses may have been less likely to be reported in the 1990's compared with later years because of increasing trends in intended pregnancy, as women intending to become pregnant might be more likely to recognize an early pregnancy loss. However, while recent studies suggest that the proportion of intended pregnancies increased from 2008-2011, 27 it actually decreased during 2001-2008. 28 In addition, our sensitivity analysis excluding unwanted pregnancies resulted in similar estimates of relative increases in loss over the study period (albeit, measuring pregnancy intentions is complex 29 and it is possible that alternative ways of operationalizing pregnancy intention might have led to different results). Another explanation for our findings may be that feelings of shame or guilt after a loss 1, 30, 31 have decreased over time, potentially contributing to more accurate reporting; yet there is little evidence that reporting accuracy for pregnancy loss has changed over time.
While we accounted for various maternal characteristics and pregnancy-related factors related to the risk of pregnancy loss that may have changed over the study period (e.g. maternal age), adjusting or stratifying for these factors did not completely attenuate the increasing risk of pregnancy loss we observed during 1990-2011, though RR estimates were smaller in magnitude in some cases. Results also may be due in part to temporal shifts in maternal characteristics and pregnancy-related factors that were not included in this analysis such as maternal health status and behaviours at the time of pregnancy, 9,18,20,24 many of which are not captured in the NSFG (e.g. body mass index, alcohol/drug use, dietary intake, physical activity, presence or history of infections, history of induced abortion, stress and mental health factors, pre-pregnancy contraceptive history), paternal characteristics, as well as environmental exposures. 17, 32 It is also possible that some induced terminations may have been reported as pregnancy losses due to stigma associated with intentionally terminating a pregnancy. 1, 30, 33 However, for misreporting of induced terminations as pregnancy losses to have accounted for our findings, the degree of this misreporting would have had to have increased over the study period. In addition, our results were also robust to the inclusion of induced terminations in the denominator.
Finally, we explored the possibility that our findings could be due to excluding on-going pregnancies from the analysis, as these pregnancies would most likely end in a livebirth had we followed them up. However, in sensitivity analyses examining pregnancies conceived 2 or more years prior to the interview (for which all pregnancy outcomes were known) relative increases of 1%-2% per year were still observed for pregnancy losses and early losses (Table S5) .
Strengths of the study
The strengths of this study include the use of a large sample of pregnancies among a nationally representative sample of U.S. women of childbearing age, with detailed information on maternal characteristics, timing of pregnancy awareness and pregnancy outcomes. Our analysis examining how risk of reported pregnancy loss changed across 22 years provides the only national population-based trend analysis on this topic using recently available data from the NSFG. In addition, our sensitivity analyses suggest that findings are robust to a variety of different model specifications and inclusion/exclusion criteria. Additionally, we expand on prior studies looking only at younger maternal age groups 15 by including women up to 44 years of age at the time of conception. We considered the potential confounding by maternal age due to the age truncation of the sample, and selected only those years (i.e. 1990-2011) where there were a sufficient number of pregnancies within each of the age strata. Finally, our estimates of self-reported pregnancy loss and early pregnancy loss are within the range of estimates provided by previous studies, 9-14 but are higher than some estimates based on spontaneous abortions requiring hospital admission, 34 presumably reflecting that many pregnancy losses are not captured in hospital records.
Limitations of the data
Our study was not without limitations. First, self-reported pregnancy loss is conditional on the self-awareness of the pregnancy, and as such, is not an estimate of the total risk of loss. Prior studies that have prospectively followed women prior to conception or from very early pregnancy using urinary hCG to assess pregnancy have reported higher estimates of total risk of loss overall and different patterns in the total risk of loss, at least by maternal race and Hispanic origin, 22, 23 compared with studies of self-reported pregnancy loss. These discrepancies suggest that trends in the total risk of loss may not necessarily parallel the upward trend in self-reported loss observed here and in prior studies, and that the characteristics associated with total pregnancy loss may be different. 15 Second, the restrictions imposed on the study years and maternal age groups, along with the inclusion of maternal age in the age-stratified models, may have resulted in overadjustment for age; however, RR estimates were very similar in unadjusted and adjusted analyses. Finally, some early pregnancy losses may have been misclassified, as the accuracy of reported gestational age of pregnancy losses has not been validated. The direction of this misclassification is unknown; thus, early pregnancy losses could have been over or underestimated.
Conclusions
Over the last two decades, women in the US report that about 20% of non-terminated pregnancies resulted in loss, with percentages varying by several maternal characteristics and pregnancy-related factors. Findings suggest that the risk of reported pregnancy loss has increased by a relative 2% per year in unadjusted models and 1% in models adjusted for maternal age, race/Hispanic origin, socio-economic factors, and other health-related factors. These results confirm that pregnancy loss is a common experience shared by many US women who become pregnant, and suggest that the risk of loss may have increased over time. Further work is needed to better understand the drivers of this increase in reported pregnancy loss in the US. Unweighted number of reported pregnancies by maternal age group and calendar year of conception, NSFG 1995 NSFG , 2002 NSFG , 2006 NSFG -2010 NSFG , 2011 NSFG -2015 . At least 100 pregnancies were reported for each age group during 1990-2011. Minimum, maximum, and survey-weighted mean age at conception are presented on the secondary axis. Risk of pregnancy loss in the United States (a) and by maternal age (b) for conception years 1990 -2011 : NSFG 1995 , 2006 -2010 , 2011 (observed and predicted from unadjusted log-Binomial models). See Table 2 for per year risk ratio estimates and confidence intervals. Risk of early pregnancy loss in the United States (a) and by maternal age (b) for conception years 1990 -2011 : NSFG 1995 , 2006 -2010 , 2011 (observed and predicted from unadjusted log-Binomial models). See Table 2 for per year risk ratio estimates and confidence intervals. Table 1 Per cent of pregnancies a in the United States resulting in pregnancy loss by maternal characteristics and pregnancy-related factors, NSFG survey years: Missing values for the following number of observations: marital status (n = 1), ever smoked cigarettes (n = 240), intendedness of pregnancy at conception (n = 4), and any medical help to become pregnant ever (n = 390).
Only includes livebirths and pregnancy losses (excludes induced terminations and current pregnancies). Pregnancy loss includes: miscarriage, stillbirth and ectopic pregnancies, regardless of gestational age at time of loss. a c Ever received medical help to become pregnant in lifetime.
